The purpose of this study was to examine changes in peak torque of the knee extensor muscles for a group of subjects. In each of three sessions, six maximal isokinetic contractions (trials) were elicited from 12 men and 4 women without isokinetic testing experience. No significant differences occurred over sessions and trials, but there was a significant interaction effect. Significant quadratic trends occurred in Sessions 1 and 3. In Session 1, the first trial was the highest; in Session 3, the first trial was the lowest. In Session 1, Trial 1 was significantly higher than Trial 3. No significant trend was found in Session 2. The results demonstrated that peak torque did not change when test sessions occurred two weeks apart. The pattern of peak torque values differed, however. If inexperienced subjects are tested in one session only, at least one maximal trial should be given before criterion scores are obtained.
Based on his study of isotonic strength changes following massed and distributed practice, Smith suggested that the role of neuromotor learning is an important factor associated with changes in strength and that physiological and anatomical changes are not the only factors responsible for increases in strength. 1 Other researchers also have suggested that learning may be associated with strength increases.
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After testing subjects isometrically over a period of six weeks, Schenck and Forward reported that repetitions of testing procedures without an intervening training program brought about an increase in strength. 4 In an isokinetic study performed on three consecutive days, Johnson and Siegel indicated that a protocol providing for three submaximal contractions followed by three maximal contractions is necessary before stable measures occur. 5 The results of these studies suggest that changes in strength can occur with test repetitions over short and long periods of time without any intervention other than the test itself. In reference to isokinetic testing with inexperienced subjects and testing over even longer periods of time (as in clinical settings), a similar strength change also may be demonstrated. An examination of this effect, if it occurs, will help suggest modifications in isokinetic testing protocols to account for strength changes with isokinetic test repetitions.
The purpose of this experimental study was to determine if an isokinetic measurement of maximal voluntary knee extensor muscle strength changed significantly among trials and over a period of six weeks with inexperienced subjects. The patterns of trials in each session over the six-week period also were examined.
The null hypotheses for this study were as follows: 1) There will be no significant differences in mean peak torque (MPT) of maximal voluntary isokinetic contractions of the knee extensor muscles across sessions or across trials and 2) There will be no significant differences in the pattern of MPT within each session.
METHOD

Subjects
The subjects were 16 healthy volunteers (12 men and 4 women) who ranged in age from 20 to 50 years 
Design
After a briefing in which informed consent was obtained from the subjects, the subjects were given a tour of the experimental area. They returned to this same area for their three sessions of testing and were tested within one hour of their initially scheduled time. Between each session, two weeks were interposed, based on Hettinger's finding that training sessions separated by this interval did not increase muscle strength. 6 Subjects received no warm-up during any session. They performed six concentric, maximal, isokinetic contractions of their right knee extensor muscles (30°/sec). Each contraction was equivalent to one trial. A minimum of a one-minute rest was given between trials.
Equipment and Procedures
The maximal, voluntary, isokinetic strength of the right knee extensor muscles was assessed using a Cybex ® II isokinetic dynamometer* with a modified seating arrangement. The modifications and testing techniques have been described in detail previously. 7 Briefly, the back of the chair was fixed at a 105 degree angle. Each subject was secured to the chair by a seat belt at the waist and a strap over each thigh proximal to the femoral condyles. Each subject was coupled to the machine by aligning the lateral femoral condyle with the axis of rotation of the isokinetic dynamometer and attaching the ankle cuff proximal to the lateral malleolus. With a dampening setting of 2, the recorder accompanying the dynamometer was used to record the torque curves of the maximal voluntary isokinetic contractions.
During each testing session, the subjects were positioned in the device and were provided with a reexplanation of the testing procedures. Instructions were given to each subject in the same manner. They were told to kick up as hard and as fast as possible and to complete the entire range of motion. Before each trial, they were given the command "Readythree-two-one, kick." Strong verbal encouragement was given during each trial, and the subjects were told their peak torques at the end of each trial.
The dynamometer was calibrated daily by dropping dead weights from the vertical position through a 180 degree arc of motion at 30°/sec. The peak torques were noted, and the appropriate adjustments were made according to the instructions provided with the instrument. The reliability of the instrument has been reported as >.995. 8 During this study, the reliability was checked by dropping two loads of 50 and 75 lb each, and recording the peak torques. Testretest reliability coefficients were calculated and were .993.
Data Analysis
Maximal, voluntary, isokinetic strength was obtained as peak torque from the torque curve of the Cybex ® II recorder. This value was read from the recorder by an experienced technician and checked by the researcher. To depict graphically changes in the test scores over trials and days, all subjects' scores were averaged and a figure was drawn (Figure) . A two-way repeated measure analysis of variance (AN-OVA) was performed to examine the changes in the peak torque values over trials and sessions. 9 This generalized paired t-test took into account the correlation across trials and sessions. To examine the pattern of scores within each of the three test sessions, a trend analysis was performed. 10 This test allowed a comparison of significant linear, quadratic, and higher order patterns. Multiple comparison of significant main effects were determined using Tukey's HSD test. Submaximal or maximal warm-up sessions for the purpose of ensuring stability of isokinetic values of MPT do not appear to be needed if inexperienced subjects are tested more than once. Safety considerations may dictate the use of one or more submaximal warm-up trials, however. This finding is in disagreement with Johnson and Siegel's isokinetic study which demonstrated three submaximal and three maximal warm-up trials were necessary before the test scores were stable. 5 Their testing sessions, however, were on three consecutive days as opposed to having two weeks interposed between each session. The significant difference between Trials 1 and 3 in Session 1 suggests that if subjects are to be tested in one session only, at least one maximal trial should occur before recording criterion strength scores, to ensure reproducible readings.
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RESULTS
The
As noted earlier, neuromotor learning is an important factor associated with changes in strength. 1 The design of this study resembled a typical motor learning paradigm with a distributed practice schedule (trials separated by two minutes) and with two very long rest intervals (sessions separated by two weeks). Motor learning curves demonstrate a variety of shapes depending on the scores used, the nature of the task, and the type of practice conditions. Typical motor learning curves demonstrate negative acceleration where there is a rapid trial-by-trial improvement, which tapers off as the limits of achievement are reached. 12 The pattern of scores of Session 1 was the reverse of this typical motor learning curve. Performance decreased over the first three trials, a highly unusual situation for a distributed practice schedule. 13 Session 2 and especially Session 3 more closely resembled the typical curve. However, the first trials of both Session 2 and Session 3 were lower than the first or the last trial of Session 1, therefore providing further argument against a motor learning interpretation. Reminiscence, an increase in performance following a rest interval, is a more common situation. 13 It may be suggested that the low MPT on the first trials of Session 2 and Session 3 were manifestations of some sort of decremental processes. Amnions et al showed that the longer the interval without practice on a motor task, the greater the loss of proficiency (motor forgetting).
14 Also, Ammons and Ammons provided a theoretical construct called warm-up decrement (D wu ). 15 This phenomenon is manifested as a rapid, negatively accelerated improvement in performance following a rest interval. Some proficiency must develop before D wu appears, and its appearance is more common after a long rest interval. The investigators hypothesized the motor tasks performed during the rest interval competed with performance of the experimental motor task. These competing behaviors are extinguished rapidly during the early phases of performing the criterion task, and this extinction is manifest as the D wu .
The reversal of the progression of MPT values from Session 1 to the following two sessions may also be indicative of the functioning of different neurological mechanisms. After the first trial of Session 1, all of the subjects commented on a difference in feeling, and some subjects indicated that the movement was uncomfortable. As the trials progressed, most of them indicated surprise or disappointment that they could not achieve a higher score on the following trials. This subjective information suggested some inhibitory mechanism prevented these inexperienced subjects from achieving or surpassing the first score in Session 1. The reversal of the progression of scores in the following two sessions may be related to the fact that the subjects were experienced subjects and no longer inexperienced concerning the feeling of using the isokinetic apparatus.
A limitation of this study is the small sample size (N = 16), because significant differences are more likely to occur with a larger group. For example, the linear trend in Session 2 approached, but did not reach, statistical significance. Another limitation may be the magnitude of variability within subjects. Strength scores normally tend to demonstrate high variability within subjects, which tends to make finding significant differences difficult.
There is a need for further research in establishing isokinetic testing protocols. Warm-up trials are usually given in research and clinical settings. The effects of a varying number of submaximal trials may decrease the chance of injury during a testing session but may also alter the stability of the trials requiring maximal effort. In this study, inexperienced subjects were used, but the findings may be different using experienced subjects. Any of the aforementioned suggestions could also be repeated using higher velocities to represent other factors used in research and in clinical settings.
CONCLUSIONS
The findings of this isokinetic study of knee extensor muscles suggest that 1) on the average, there are no significant differences in mean peak torque (30°/ sec) across trials or across sessions when test sessions occur two weeks apart; 2) the patterns of MPT within test sessions differ; and 3) if subjects are to be tested (30°/sec) on one session only, one maximal trial should occur before recording criterion strength measurements.
